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Abstract:

Relevance. The objective of this study was to analyze current data concerning research methods and results on
resistance of nickel-titanium endodontic instruments to torsion load in order to minimize complications of dental root
canal treatment.

The use of the nickel -titanium endodontic instruments is a special importance to ensure high-quality dental root canal
treatment; it prevents the further contamination of the canals with microorganisms. However, these instruments can
form a fracture under torsional load which leads to further complications.

Aim. The analysis of research methods and results on resistance of nickel-titanium endodontic instruments to torsion
load for minimization complications.

Materials and methods. A series of publications in the electronic databases such as Google Scholar, Pub Med was
analyzed in the course of a systematic review of the literature. The articles dealing with nickel-titanium endodontic
instruments and torsion load that directly influences the quality of dental root canal treatment were included in the paper.
Results. 73 articles were viewed during the review. Having analyzed the literature for inclusion criteria, the total number
of publications has become 51. There were 16 main methods which demonstrated the influence of torsion load on
endodontic instruments. These methods were summarized in the Table 1.

Conclusions. As regards literature data, there are a various number of methods which converge to one conclusion:

nickel-titanium instruments cannot fully resist torsion load. Fracture is caused approximately in 0,5-5% of cases.
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INTRODUCTION

Endodontics is a branch of dentistry that includes
the most important principles for the treatment of pulp
pathologies and situations associated with its extirpation or
amputation. In 1988, a new type of endodontic instrument
made of nickel-titanium alloy appeared, which is more
flexible and resistant to cyclic loads than the classic steel
one. The use of these instruments made it possible to
reduce the number of complications and increase the
success rate of endodontic treatment.

But despite all the properties of nickel-titanium
instruments (flexibility, cutting ability, resistance to cyclic
and torsional loads, the severity of the screw-in effect),
which the manufacturers claim, they can still lead to
complications and errors in the root canals. And torsional
loading is a key factor in these adverse situations.

Consequently, consideration of the methods and results
of studies of the resistance of nickel-titanium endodontic
instruments to torsion load is a rather complex topic that
requires detailed elaboration.

AIM

The objective of the study was to analyse current data
concerning research methods and results on resistance
of nickel titanium endodontic instruments to torsion load
in order to minimize complications of dental root canal
treatment.

MATERIALS AND METHODS

Talking of materials and methods a series of publications
in the electronic databases such as Google scholar and
PubMed was analysed in the course of a systematic review
of the literature. The articles dealing with nickel titanium
Endodontic instruments and torsional load that directly
influence the quality of dental root canal treatment were
included in the paper.

Publications were included based on the following
criteria:

1. Articles dated 2011 and later.

2. Study of the relevance of data on the effect of torsion
load on nickel-titanium endodontic instruments.

T3. Consideration of methods and research results on
the resistance of nickel-titanium instruments to torsion
load. The subject of the study is a number of articles
in electronic databases Google scholar and Pubmed.
Consideration and analysis of articles were carried Out in
stages.

First of all, the selection criterion was the choice of
publications, the titles of which included at least one
search value.

Secondly, works dated earlier than 2011 were excluded
from the list.

At the last stage, the content of the full text variants of
the selected articles was studied. The article selection
process is shown in the Figure 1.
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Fig. 1. Article selection process.

RESULTS

73 articles were considered, of which 6 were from
the PubMed database, 65 from Google Scholar and 2
links from the list of references in the found publication.
Having made a selection according to the exclusion
criteria, the total number of works was 51. On the basis
of 15 articles, the methods and results of studies on the
resistance of nickel-titanium instruments to torsion load
were analyzed. Table 1 shows the characteristics of the
studies presented.

DISCUSSION

According to the analyzed literature, there are a number
of methods for studying the resistance of nickel-titanium
instruments to torsion load.

Three studies used the so-called Endodontic Instrument
Strength Tester device. The essence of this method was to
determine the angle of twisting of the instrument relative
to its longitudinal axis using a weight of 10 grams and a
microscope. This situation is a prototype of the twisting of
an endodontic instrument when its tip is jammed in the root
canal during processing of the latter (artificial creation of a
torsion load) [4, 11, 13].

Another method for studying the effect of torsional
loading involved examining thin sections and fractures of
Ni-Ti instruments using a scanning electron microscope
(SEM). This method made it possible to assess the
deformations in tools and their design parameters [2, 9,
10, 12, 16].

Some studies have based on the effect of repeated
use of endodontic instruments, as well as the way they are
cleaned, as factors leading to instrument fractures in the
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root canals. For this, the instruments were differentiated
depending on their use or autoclaving [11, 13].

The next method was to create two types of channel
models. The models were curved glass tubes, the bending
angle of which was selected so that the tool deviated from
the original direction by an angle of 45 degrees, and the
bending radius of the tool was within 5-6 mm. This method
made it possible to neglect the torsion load and drew
attention to the cyclic one, thereby simplifying the task. But
at the same time, this method proved “by contradiction”
the significance of the torsion load in the event of fracture,
because if we complicate the task, taking into account this
type of load, then the path taken in this study will seem
impossible. [3, 27, 28]

Brazilian dentists have also made a link between the
shape of the canal and the frequency of use of endodontic
instruments. 3 groups were defined according to the
criteriaindicated in Table 1, and they were tested for torsion
load and torque in an artificially created steel root canal.
The results showed that the maximum torque after fracture
tends to increase in proportion to the tool diameter (size
and taper). The maximum angular deflection at failure also
tends to increase with increasing tool diameter. [16, 36-39]

The method of other studies was the use of a dental
phantom model "Model for determining the cyclic strength
of mechanical endodontic instruments in the preparation
of root canals of teeth.” It has a metal in which 3 channels
are made curved at 45 °, 60 “ and 90 ° at a distance of 14
mm, 13 mm and 12 mm respectively from the entrance to
the channels. The model allows to determine the cyclic
strength of mechanical endodontic instruments and allows
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Table 1. Characteristics of the studies included in the review.

Author, year

Research objects

Research method

Result

EA. Rzhanov, 2011 [1]

Ultra-flexible steel rotatable

endodontic instrument

Th

factors causing fractures and creating an ultra-flexible steel

eoretical study of the material on the effect of torsion load
on Ni-Ti endodontic instruments, taking into account all

specimen

Ni-Ti tools have been studied and taken into

The torsion resistance of this tool is high,
since all the disadvantages of conventional

account.

T.A. Belyaeva, 2013 [2]

Ni-Ti instruments: 1)
ProFile, 2) FlexMaster, 3)
ProTaper, 4) BioRace , 5)

1) Research was carried out on electronic scanning
microscope (SEM) at magnifications from x25 to x120.
Measurement: 1) cutting angle; 2) cutting steps; 3) inner

Torsion resistance is increased with
increasing size and taper of instruments

V.G.Devyatnikova, 2012 [4]

ProTaper system (10 new
files, 10 after one time use,
10 after five times of use)

Mtwo and outer diameters; 4) apex angle; 5) corners of the cutting
blade 2) The clinical part of the study included 74 patients
from 24 to 62 years old, of which women — 62%, men — 38%.
During the study, 240 root canals of 137 teeth were prepared.
All the canals of the teeth were divided into VI groups of 40
canals
E.A. Rzhanov, FlexMaster 25/.04 100 | To conduct an experimental models were made — glass tubes Too high uncertainty of the formation
D.A. Kopyev, 2011 [3] instruments of 2 types, creating situations with difficult working conditions |  of a fracture reduces the computational
of the instruments, due to the anatomy of the root channels | procedure to nothing. When complicating the
experiment by taking into account the torsion
load, it makes predicting the time to tool
breakage is impossible
T.N. Manak, Endodontic tools of the | An original device for studying the physical and mechanical | Even a single use of endodontic instruments

properties of endodontic instruments has been developed

can lead to breakage during treatment.

A.A Adamchik, F.
M. Laipanova, 2016 [5]

1) «One Shape»(«Micro-

Mega»,France)2) «F 360»

(«Komet/Gebr.Brasseler,
Lemgo», Germany)

Using the dental phantom model "Model for determining the
cyclic strength of mechanical endodontic instruments for the

preparation of root canals of teeth "

These nickel-titanium instruments, subject
to the recommendations for use, depending
on the bending of the root canal after the
experiment, made it possible to prevent the
risks of instrument breakage in the root canal
during mechanical processing of the root
canal.

T.0. Paderina,
Yu.A. Dombrovskaya, 2020

(6]

Proteapers: 1)Mailliefer
Universal (Dentsplay) 2)
Ultrataper (Eurofile) 3)
Superfile (Eurofile)

Energy dispersive microanalysis tools using a tabletop
scanning electron microscope TM3000

Energy dispersive microanalysis of the
fracture surfaces of rotary tools revealed
the chemical heterogeneity of the alloy,
which can affect the brittleness of the tools
and change the resistance to various loads
depending on the content of one or another
element in the alloy.

A.A. Adamchik,
A.V. Arutyunov, V.V. Tairov,
Val V. Tairov, 2016 [7]

1)"One Shape" Ne 025,
125 6% (Micro-Mega)
2)"F 360" (Komet/Gebr.
Brasseler, Lemgo)

fixed to a wooden plate 2) Clinical study involving 20 patients

1) Using a dental phantom — a stainless steel root canal with
a curvature angle of 45 ° and a total length of 30 mm, tightly

aged 22 to 60 with a diagnosis of K04.0

Disposable NiTi Rotary Machine Tools
System "F 360" # 025 125 4% (Komet /
Gebr. Brasseler, Lemgo, Germany) showed
significant superior fracture versus "One
Shape" System # 025, 125 6% (Micro-Mega)

L.Yu. Orekhova, V.Yu.
Vashneva, T.V. Porkhun,
Yu.A. Zaitseva, 2020 [8]

Alloy tools M-Wire:
1)Reciproc Blue
(VDW,Germany) 2) Mtwo-
file (VDW,Germany) 3)Soco
SC Pro (Soco,China)

1) In the study, 30 extracted teeth were used, 47 root canals
were processed. All studies were carried out on extracted
teeth with the curvature of the root canal is more than 25

degrees. Allocated 3 groups (10 teeth in each group) 2) Thin
sections were made and the results were assessed on the

electronic scanning microscope

Nickel-titanium instruments made of M-Wire
alloy (Reciproc Blue and Soco SC Pro) allow
mechanical processing of curved root canals
with preservation of their anatomy in a short
period of time. This grade increases the
flexibility of the tool, while maintaining cutting
efficiency, resistance to cyclic fatigue and
torsional stress

Vivan RR, Alcalde MP,
Candeiro G, Gavini G,
Caldeira CL, Duarte MAH,
2019

9

60 instruments (by 20)

systems: 1)ProDesign R 2)

Reciproc R25 3)Unicode
125

1) analysis of the mass and amount of metal (Skyscan
1174 v2; Bruker-micro-CT, Kontich, Belgium; CTAn v.1. 12
(Bruker-micro-CT), three-dimensional analysis of the volume
of the metal mass (NRecon v. 1.6.3, Bruker -micro-CT) 2)
Torsion test 3) Using EMS

The R-Pilot file is stronger than the G — it
turned out to be less resistant to fracture.
The R file has a larger cross-sectional area
and metal mass volume than G. The SEM
assessment of the fracture surface revealed
similar and typical fracture patterns for both
tools.

Soram Oh, Kee-Yeon Kum,
Kwon Cho, Soo-Hyuk Lee,
Seung-Hyun You, Jonggun
Go, Bong-Ki Jeon,
Sang-Woo Kim, Tae-Hwan
Kim, Ji-Hyun Jang, Hiran
Perinpanayagam, Jin-Woo

Ni-Ti endodontic
instruments: 1) PTN
(Dentsply Maillefer) 2) V2H
(Colténe/Whaledent, Inc) 3)
NRT (Mani) 4) OS (Micro
Mega)

Kim et al., 2019 [10]

1) Each file was installed in a composite polymer block with
a5 mm working end. The files were subjected to torsion load
(300 rpm) with an automatic stop until they were destroyed.
The number of approaches that resulted in the destruction
of the instruments was recorded. 2) All crack surfaces were
examined using SEM

V2H withstands torsional loads to a large
extent, OS minimally
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Author, year

Research objects

Research method

Result

Devyatnikova V.G. Manak
T.N., 2020

(]

216 instruments of
nickel-titanium endodontic
systems: 1) 72 tools of
the Protaper Universal
system (25/07-regular
Ni-Ti) Dentsply Maillefer 2)
72 tools system Endostar
E3 Basic Rotary System
(25/06-regular NiTi)
POLDENT 3) 72 tools of
the Protaper Next system
(25/06 — M-Wire alloy)
Dentsply Maillefer

1) Division of systems into groups, depending on the
bending angle of the artificial root canal 45 (n = 36) or 60
(n = 36) degrees, respectively. Each group was divided into
three subgroups depending on the number of autoclaving
cycles: 1a (n = 12) and 2a (n = 12) instruments without
autoclaving, 1b (n =12) and 2b (n = 12) instruments after
one autoclaving cycle, and 1c (n = 12) and 2¢c (n = 12)
instruments after six autoclaving cycles. 2) The elemental
composition of samples of endodontic files was studied
using an X-ray spectral analyzer from Oxford Instruments
Analytical (Great Britain). 3) Test with the device "Endodontic
instrument strength tester”

Failure of endodontic instruments resulted
from cyclic alloy fatigue metal. In real
conditions of passage channel, the file
experiences both torsion and cyclic loads at
the same time

Belyaeva T.S., Rzhanov
EA., 2012 [12]

30 ProFile instruments:
Dentsply Maillefer,
Ballaigues, Switzerland in
the following sizes: 20 .04,
25 .04, 30 .04, 20 .06, 25
.06 and 30 .06 (five tools of
each size)

1) Obtaining a microphotogram of the working part of

the instruments at magnifications of x 25, x 100 and

% 120 using a scanning electron microscope (SAM) 2)
Create cross-sections of tools 3) Measurement of design
parameters of tools: 1.apex angle 2.Slicing angle 3.slicing
steps 4.cutting depth 5.inner and outer diameters 6.the front
corner of the cutting blade 7.Rear angle of the cutting blade
8. angle of sharpness of the cutting blade.

ProFile instruments have a low Dw / Dn value
(about 0.6), which indicates their flexibility
and resistance to cyclic loads. At the same
time, this indicator indicates the relatively low
resistance of these tools to torsion loads.

Manak T.N., Devyatnikova
V.G., E.V. Radivilina, 2019
[13]

ProTaper Universal (files F1
# 20, taper 7%)

1) Dividing samples into 3 groups: No. 1 — "new
instrument”. No. 2 — "tool after one use." No. 3 — "tool after
five uses." 2) Creation of a device for testing the strength

of endodontic instruments, which makes it possible to
determine the angle of twisting of an endodontic instrument
under conditions approximate to the twisting of the file when
its tip is jammed in the root canal during processing of the
|atter.

1) Dividing samples into 3 groups: No.

1 — "new instrument"”. No. 2 — "tool after
one use." No. 3 — "tool after five uses." 2)
Creation of a device for testing the strength
of endodontic instruments, which makes it
possible to determine the angle of twisting of
an endodontic instrument under conditions
approximate to the twisting of the file when
its tip is jammed in the root canal during
processing of the latter.

Viana AC, Chaves Craveiro
de Melo M, Guiomar de
Azevedo Bahia M, Lopes

Buono VT, 2010
[14]

30 K-File tools 0.04 and
0.06 sizes # 20, # 25, # 30

1) in total 180 files were randomly divided into 3 groups of
10 sets each (No. 20 / 0.04, No. 25 /0.04, No. 30 / 0.04,
No. 20/ 0.06, No. 25/ 0.06 and No. 30 / 0.06). Division of
instruments into 3 groups: Control group — new files tested
for the effect of torsion load. (Setting the average value of
the torsion load before failure and the maximum angular
deviation of each file); Experimental Group 1 — New files,
tested on a fatigue tester up to half of their predetermined
service life, and then torsionally tested to fracture; d
Experimental Group 2 — New files tested on a fatigue tester
up to three quarters of their previously stated service life and
then torsion tested to fracture; 2) Device allowed files freely
rotate inside an artificial curved canal made of become; 3)
Continuous registration of torque and angular deviation and
measurement of maximum torque and angular deflection
was provided by a specially designed computer program; 4)
SEM control

Maximum torque after fracture tends to
increase in proportion to the tool diameter
(size and taper). Maximum angular failure
deflection also tends to increase with
increasing tool diameter

Kopyev D.A., 2012 [15]

100 broken nickel-
titanium instruments and
39 recovered fragments

(Profile (Densply),

Race (FKG), ProTaper
(Dentsply), FlexMasteo)
(VDW) and M two (VDW)).

Clinical researches: - retrospective analysis of 113 X-ray
images, distribution of patients into clinical groups (main —
86 patients, control — 77 patients) depending on the
algorithm application - primary endodontic treatment of 253
teeth Laboratory methods: -+ analysis of broken nickel-
titanium instruments and recovered fragments. - Electron
microscopic examination of the end surface of broken
nickel-titanium instruments of different systems - Simulation
of cyclic load on endodontic instrument "Flex Master” (VDW)
with 9 tip diameter 0.25mm and taper .04. in the experiment.
- Experimental investigation of the breakage probability of
100 "Flex Master" (VDW) nickel-titanium instruments with

a tip diameter of .25 / .04. depending on the duration of its
operation in a curved channel.

Typical 04 size 25 taper nickel-titanium tools
have limited operating time and should be
excluded from the list used after about 1
minute of operation in a curved canal in full
rotation mode at a speed of 300 rpm

to increase the force of resistance to torsion load. It is
recommended for the selection of endodontic mechanical
instruments of a certain size and taper depending on
the bending angle of the root canal of the tooth, thereby

view [6].

preventing possible risks of instrument breakage [5,7].
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Such a method as carrying out energy dispersive
microanalysis made it possible to assess the nature of
the formation of fractures from the chemical currents of
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Table 2. Root canal anatomy and torsion load.

Canal type Effect of torsion load
Wide canals The tool does not experience torsional overload
Narrow straight canals The tool is subjected to significant torsional loads

Wide curved canals The tool does not experience a high torsion load

The tool is subjected to significant torsional and

Narrow and curved canals )
cyclic loads

Studies by foreign authors have also made a great
contribution to the study of torsion load. Analysis of the
mass and amount of metal made it possible to determine
the qualitative composition of tools and their strength under
the influence of loading. A three-dimensional analysis of
the volume of the metal mass was also carried out, which
made it possible to fully recreate the characteristics of
the tool. The torsion test clearly showed the value of the
load in the development of the fracture of the endodontic
instrument [9, 29-31].

Another study looked at the effect of direct torsional
loading (300 rpm) on auto-stop tools installed in a
polymer block until they were destructible. The number of
approaches leading to the destruction of the instruments
was recorded, and all the defects that occurred were
investigated using SEM [10].

Another method of investigating the effect of torsion
load was the study of the qualitative characteristics of
instruments. The torsional stability of a rotary nickel-
titanium tool is also determined by the value of its inner
diameter: the smaller the inner diameter of the tool, the
less its resistance to breakage during torsional overload
in this area [2, 22-26]. The ratio of the inner and outer
diameters of the tool indicated a relatively low resistance
of the investigated Ni-Ti tools to torsion loads [12, 46-51].

But the resistance to torsional loads increases with
the size and taper of the tools. When comparing tools of
different systems of the same size and taper, it can be seen
that stability increases in the following order: BioRaCe =
Mtwo <ProFile < ProTaper < FlexMaster [2, 24, 26].

The method of theoretical study of the effect of torsion
load revealed that the conical shape of the cutting part
of endodontic instruments is potentially dangerous due
to the fact that it contributes to the uneven distribution
of the angle of twisting along the axis of the instrument.
As a result, there is a concentration of torsion load in the
area of the apex of the instrument, which at the moment of
overloading can lead to shear deformation and subsequent
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